Bartonella spp. are emerging pathogens that are reported as the cause of blood culture-negative endocarditis ( BCNE). However, echocardiographic features and assessment of this endocarditis remains unclear. Four patients with B. henselae endocarditis were identified. All patients had underlying cardiac conditions: rheumatic heart disease in three, congenital heart disease in one. Evidence of vegetations was found on the aortic valve in all patients with large, highly mobile vegetations and severely destroyed valves demonstrated by the transthoracic echocardiogram leading to severe aortic regurgitation and heart failure. The vegetations were found on both the aortic and the mitral valve in two patients. All patients had negative blood cultures and underwent urgent valves replacement due to heart failure with good clinical outcome. The diagnosis of B. henselae endocarditis is based mainly on clinical suspicion in BCNE, specific serologic testing and polymerase chain reaction (PCR) detection on excised valve tissue.
Introduction
Bartonella endocarditis is a zoonotic disease, serious medical condition, potentially fatal, caused by Bartonella spp. which are facultative intracellular bacteria, small Gram-negative bacilli, fastidious organism that cause BCNE and have been increasingly reported [1] . The serological analysis using indirect immunofluorescence assay (IFA) remains the most common methods for diagnosing endocarditis caused by these bacteria. However, these cases of infective endocarditis (IE) can also be successfully diagnosed by polymerase chain reaction (PCR), allowing for the detection of Bartonella DNA in blood or resected heart valves [2, 3] .
The echocardiography has to be performed in all cases which are suspected of IE. It is an extremely important tool in the diagnosis of IE, combining the advantages of identifying vegetations, abscesses, and new prosthetic valve dehiscence, which are hallmarks of IE, assessing the severity of valve damage, detecting cardiac complications and predicting embolic risk [4] . The transthoracic echocardiography (TTE) must be performed firstly, then the transesophageal echocardiography (TEE) is mandatory in case of doubtful TTE examination, in prosthetic valve IE and when the complication of IE is suspected. Bartonella IE is a rare clinical entity, however, its prevalence has increased over the last decade, most often manifesting as BCNE [5] . However, the echocardiographic features of Bartonella IE are not well known because scanty information is available in the literature. The purpose of this study is to present the echocardiographic features and clinical outcome observed in four patients with Bartonella endocarditis.
Case Reports
A prospective study of the etiology and characteristics of IE at Srinagarind Hospital and Queen Sirikit Heart Center, Khon Kaen University was performed between January 2010 and December 2012. One hundred and fourteen patients were identified to have a clinical diagnosis of IE using modified Duke criteria [6] . TTE was performed in all patients, using previously reported techniques [7] . The hallmark features of IE are vegetations attach on the valves which can occationally occur at unusual sites where the endocardium has been disrupted by abnormal flow (along regurgitation jets), that were demonstrated by TTE.
Four cases of B. henselae IE were diagnosed. Age at echocardiographic diagnosis of IE was 22 -57 years. Two patients were male. All patients had underlying cardiac conditions: rheumatic heart disease in three, congenital heart disease in one. Evidence of vegetations was found on the aortic valve in all patients with large, highly mobile vegetations and severely destroyed valves demonstrated by TTE, leading to severe aortic regurgitation and heart failure. Evidence of vegetations was found on both the aortic and the mitral valve in two patients.
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All patients had negative blood cultures and underwent urgent valve replacement with good clinical outcome and without inhospital mortality.
Case 1
A 57-year old male with underlying rheumatic heart disease presented to a local hospital with the history of fever, myalgia and shortness of breath for 10 days. He was transferred to our cardiac center. On admission, he had high fever, heart murmurs consistent with aortic stenosis and regurgitation, mitral stenosis and regurgitation with signs of congestive heart failure. The TTE showed large mobile vegetations on the aortic valve and the mitral valve (Fig. 1) . Intravenous ampicillin and gentamicin were begun on admission. However, symptoms of congestive heart failure worsened, the patient underwent urgent aortic and mitral valve replacement. Histopathological examination of the heart valve tissue showed active endocarditis. Three sets of routine blood cultures were negative. Serologic testing was performed using an indirect immunofluorescent antibody assay which demonstrated for B. henselae with serum antibody titer of 1:512 on admission. B. henselae was also demonstrated in heart valve tissue by PCR, and by immunohistochemical staining. The patient was started on therapy for Bartonella IE with intravenous ampicillin and gentamicin for 6 weeks and was discharged from the hospital with clinical improvement and good outcome.
Case 2
A 45-year-old male with underlying rheumatic heart disease who was transferred to our center because of shortness of breath, orthopnea for 1 week and 3 months of fever and weight loss. On admission, he was found in severe heart failure, heart murmur consistent with aortic regurgitation, mitral stenosis and regurgitation. The TTE demonstrated mobile vegetations on the aortic valve with severe aortic regurgitation and on the mitral valve (Fig. 2) . Intravenous ampicillin and gentamicin were begun on admission. The patient underwent urgent aortic and mitral valve replacement due to intractable heart failure. Three sets of blood culture were negative but B. henselae was demonstrated in the excised heart valve tissue by serology, PCR and immunohistochemical staining. The patient's overall clinical condition improved soon after surgery, and he was discharged from the hospital within 3 weeks. The patient remained clinical stable at 1-year follow-up.
Case 3
A 48-year-old female with underlying rheumatic heart disease, presented with low grade fever for 1 month. One week before she came to hospital, patient developed dyspnea on exertion, orthopnea and ankle edema of both legs. On admission, her vital sign was stable. She was found to be in congestive heart failure. She had the heart murmur consistent with aortic regurgitation, aortic stenosis and mitral stenosis. The TTE demonstrated mobile vegetations on the aortic valve and destroyed aortic cusp with severe aortic regurgitation, moderate aortic stenosis and moderate mitral stenosis (Fig. 3) . Intravenous ceftriaxone and gentamicin were begun with clinically improvement but the patient developed heart failure again due to severe aortic regurgitation. The patient underwent urgent aortic and mitral valve replacement. Three sets of blood culture were negative. B. henselae was demonstrated in the excised heart valve tissue by serology, PCR and immunohistochemical staining. She was in the hospital for 4 weeks, and discharged from the hospital with good clinical outcome.
Case 4
A 22-year-old female with underlying congenital heart disease presented with history of fever for 1 week, no night sweat, fatigue and dyspnea on exertion. On admission, her vital sign was stable, mild heart failure, heart murmur consistent with ventricular septal defect (VSD) and severe aortic regurgitation. The TTE demonstrated vegetation at aortic valve with flail right coronary cusp (RCC) which caused severe aortic regurgitation. Subarterial type VSD with herniated RCC was demonstrated with left to right shunt (Fig. 4) . Intravenous ampicillin and gentamicin were begun. However, symptoms of congestive heart failure worsened. The patient underwent urgent aortic valve replacement and VSD closure. Three sets of blood culture were negative. B. henselae was demonstrated in the excised heart valve tissue by serology, PCR and immunohistochemical staining. She was in the hospital for 6 weeks for antibiotics treatment and discharged from the hospital with good clinical outcome.
Discussion
Bartonella has remained an uncommon cause of IE. It is a zoonosis associated with significant severe valvular damage in patient who had underlying heart valve defect, often causing congestive heart failure. Our data confirm the occurrence of culture-negative endocarditis due to Bartonella in Thailand.
The identification of the causative pathogen is often difficult as a result of negative blood culture, application of molecular technique and serologic testing are mandatory for identification. The echocardiography has become a mainstay in the diagnosis of IE, TTE alone is often sufficient to establish the diagnosis especially in native valve IE. Overall the detection rate of vegetations by TTE in patients with a clinical suspicion of native valve IE averages around 50-60% [8] . Vegetations on the prosthetic valves are more difficult to detect by TTE than those involving native valves, therefore TEE should always be used if the diagnosis of prosthetic valve IE is suspected [9] [10] [11] . In this present study, the diagnosis in all patients was accomplished by TTE examination. The regurgitation of the infected valve is almost constant and results from a variety of mechanisms. Valvular perforation is a frequent complication that may cause severe insufficiency with an acute onset and precipitate heart failure that demonstrated by TTE. In aortic IE, cusp perforation, flail or both may occur in up to 50% of cases. Severe aortic regurgitation as estimated by Doppler echocardiography has been associated with heart failure and poor prognosis. Perforation of the mitral leaflets is less common, occurring in only 15% of patients with mitral valve IE especially in rheumatic heart disease. TEE should also be performed to provide a more detailed assessment in the setting of perivalvular extension of infection, but TEE was not performed in our study due to good image quality of the TTE [12] .
Conclusions
In the setting of B. henselae IE, the echocardiographic features demonstrate large mobile vegetations and destructive, extensive valvular damage in patients with preexisting heart conditions. The diagnosis is based mainly on clinical suspicion in BCNE, specific serologic testing and PCR detection on excised valve tissue. Early surgical intervention is associated with better long-term outcome.
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